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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an opti- 
cal modulation element capable of widening a light- 
transmittable wavelength margin and thus moderating 
film thickness accuracy, optical system incorporation 
accuracy and wavelength accuracy of incident light, 
etc., and to provide an optical modulation element ar- 
ray and an exposure device using it. 

SOLUTION: In the optical modulation element 21, a 
first planar substrate 23 and a movable thin film 27 re- 
spectively provided with an interference film and trans- 
parent to the light to be modulated are arranged in par- 
allel facing each other across a clearance 25, the mov- 
able thin film 27 is displaced to the first planer sub- 
strate 23 by electrostatic force generated by applying 
a voltage to planer electrodes 31 and 37 respectively 
provided on the first planer substrate 23 and the mov- 
able thin film 27 and a light quantity to be transmitted 
through or reflected from the movable thin film 27 is 
changed. On the opposite side of the first planar sub- 
strate 23 across the movable thin film 27, a second 
planar substrate 47 provided with the interference film 



45 and transparent to the light to be modulated is par- 
allel ly arranged facing each other across the clearance 
26. 
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LraW4*-¥H«S2 3 fc^TftS»)R2 7^*S«2 
7tr»-¥Br«S2 3l!:»Lr«tt**, i*Tib»Ag2 7 

*aaxtts*ti-s****ft**a**ii*-? 2 1 k 

fc^T, «TIbI$g|2 7«rj»A/-C»-5pa3fetR2 3<£>&*j- 
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SSIMrHttWr lc*frRlia« Lfc^: t «r»»t ^a** 

;f LTV >£C t 1 1 z 3t#S 1 IS«^*^P^ 
2SE*03fe£W* J P«\ 

E-¥B±t\ fltrfBpr»»flt<ofi^*ift^ilK^S*iRi 

(cwkstt * *r mm l r k t i- s **h*^ 
t, 

»-^T W d»b©(Mt3fe*±**#rtiAtfJ: tut t&t 

$r4«att-SB^ft, 

5 ] fjt#3g 3 ta^OTfc^p^^r u-f t > 

if^imt, 

xt, 

^xfc±o**snfcH«******rtijtwrntii[ 

«r6M***lR)te4B*»l(i*^:6»»¥at 
[0 0 0 1] 

[0 0 0 2] 



orWb**, Off. H*K BUR. tt&*ea>%¥a* 

coftararat^tL-tHu #ix.tfni4 (a) k 
TFrtxix., aw*?r»«ffii t^*Btsr*i-sy>r^ 

[0 0 0 3] ^©*R«*^t»tt, Hi 4 (b) 

SiBttlBt45. rHtt, fli«77^HD-f*^ 
t-caEfbS-t-^o B3AD«E^Dt1-^^#R 

iWE*WJi^*rt^^i^5*#ffii»u *as 

tf, B«B*U:J: »> ^Tib&JSS 5 £&®if5tf>-c, 
[0004] ^r-c\ ±m<DXo^yy^ l J-<^^^ 
^y-<n-T*r-n, Ait3fej»^, sitt»iasr»9 5g 

B©R«tA«3iai«)ft+A«rO t+Jxtf, «0£5- 
#RB©#B»±x=n t -cos0T^x.bti5o ffl 
U nr±-BBOJBJr** t\mmx»hZ> 0 3fe»Hx# 

2n t •cos0=ml ••• (1) Xj& 
iS**:fctfc!K 

2nt -cos0= (2m+l) X/2 - (2) "CSt 
t**. 

(&U mfi»»"C*>-5. ¥?fS7HB-CRJtt» 
[0005] 014 «c^i-«jao**aiiR^S: 

[0 0 0 6] jtBB^^fc^MBiitffiVoppSr 
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BMP Lfc k # <D^m 1 QVfflMZ toff (1§14 

SBi o©DBBI*tonfci-* (Hi 4 (b)(0^ffi) o 
lEti, ton. toff fcTE^SKKfi-rS. 
ton = 1/2 X A G = 1 8 0 nm 
toff -3/4 X A G - 2 7 0 nm 
ffiU 
m=l 

[0 0 0 7] Pllb»R5XOT*lR3tt, ^co^fe 

2 i i±, RTtbttfi i £ 9 1 <om\zmaMtj£v 

opp$:fitiMLftb%s toff = 2 7 0 nmt45, Bl 
5t£^1-3 6 0 nm#aS^+^ifefiX 0 «r}§O»^Hft«r 
Kfc//if»iS*ftV\ -JEr, i£i&tIJE£TO]Lr ton 
= 180nmfci5fci 3 6 0 nmfrJ-jfijCff^Kft 1 0 
&#o#*» *a« £itr£ J: 3 lc&£ 0 
[0 0 0 8] 

#aa*rRTi6**SR*H* 
6iC^i"St^3 6 0 nmttiSKDtfe&X^? h/K BPo, 

fc*0a»##«/h&4a. lot, nosfc/h*aia» 

*3E«* : ?-o«S=«^b^iB*-rSi:V^ofclBJil*5 
fcofc. 

fcBXSBfc&fltU tor, 3HOl3lifOHl3^F 
[0 0 10] 

m«wit«its*ic#tta«4»-¥B«s 



ffi^©aEEB]AD*c J: ?)*^1-5»aa*^i or, M£ 
^»aWI«:«lE*-¥BSSttlc»Lr«tt5-fr. fiftE^T 

S»«:IHrrT-fT(c:*H^EELfc^^S:»» 
[0011] c©*8EBI*^rtt, Wft»K£!B-¥iIi 

ztitTtts %mmm*<Dmm= 

[0 0 12] !§*^2fe*03fefE38^tt, «WB«r»* 

*r*TU (WE*-******, ^pJftffJSfl^fBffift 
£ »B1-«ttBfcttE¥E«io*ja $ *Lft v ^SfiftBE 

[0013] ^©*mh*^-chu nr»»R»tf»-¥ 

x\ awasi-^s^KiRSrefRi-rss. £fc, * 

^^v^tc^i:-5aW«B«)SS«JcJ:5aBg.* 

s&ic *o»te^&<*-5or, ai!#<o& 

&<D&m=p»mt. mmm^mmm^m^mmk 
SrEW»»i»&#*i-iPi-©ag«ffi*WLfct>(0 

ti-Jxtf, pT«»ttO»»JcJ:6ai8*fi©*ft:4:** 
[0 0 14] ll**3E«©*KBIilH-r ^tt, ME 

*^^«jRi^**r^«Lfc^^*»«ti-5o 

[0015] ^ffllfTK-eii %&ms* 
Sr. l^-¥ffi±r% BT«»iBo»#irrti!:itsrra*iSii 
K:*Ke»$*r*R1-5^t-e, XKHSlHFottnK 

[0 0 16] IR^4Ett<oK^B»t, IS*^3E« 
©MP^r^t, MEMfiKWR^r^^*^- 



-3- 



[0 0 17] ^<&B*S§«-Ctt* 9»#W3a«0>ft£@3 
[0 0 18] »#*5IB«W>«3fe£Btit, i§#*l3E« 

[0 0 19] r©B*aSB-Ctt, »** 3 

[0 0 2 0] 

l ic^ Lfc*CT*?-<DJf ffiiBk H 3 ttftlEISiSH^® 

[0 0 2 1] Hltc*t- i fc5fc % *2EW*^2 ltt, ± 

LT39J4!fS-¥®S«2 3£, r©»-5p®S«2 3 

^B2 5SrWTT, ^F*i«&0«Fffi«« (»Tft«&) 3 
l**i-5-sr»»«2 7^, *b^ra«^BR2 6SrH 
rr, TBKl ; F*il4 5«r#LWI1-«*lc#UTaM 
4*"¥B»R4 7^I*Mt LTfli*.-CV*S 0 £ 
*i€>*-¥E*«2 3, -5Jib»Jg2 7, *-¥H»g4 

mKis^xte°mmm2 1 g#as^8*a>&43*&* 

[0 0 2 2] SlWSffi2 3lt ^7^1635, ^ 
#12 2, ¥S®B 3 7 SrH&Sif Lfctfl 

fit?*) 9* @^S:S3 7±JC«l^»2 8MS$nt 
^5. 2 3^)@S1S3 7±^^$^/c 

$»»2 8tt, ea^tf^y i/yay«ft 



2 7fcS£S*-0*S. WWW2 7HE, U 
[0 0 2 3] nrft«ffi3 1»t/HSa«3 7li, T/V^ 

^f77A3 3il TiO 

2 *>e>46#, fv^^mm. &amc»* mtm^ 

[0 0 2 4] ^~¥ffiSffi4 7tt. ^T»»JB!2 7l^ffi 
(UlOTffi) icT»R4 SSr^FU ^TlJ«K2 

7 <ofi**if3H«o^r»«a 3 1 ±[zim i^itsam 2 

2 3 & tfpr»»« 2 7 tc# LfflT^^ 
«£*VO^o reom-¥ffi««4 7^ ^f7^Sfi3 
6l^»B4 5«ra«Lfc«3gi:«:oTt^ 0 CCT% 

JlSlfc^7^1S3 5, 3 6fi, ^/7^W:t), « 

^WyxfuyfU7^i/-F, 

[0025] jfclfBI*^ 2 if*. H2(c^-rj:^ 

R2 TOi^rtHcttSE-r-S^rtllCiEaEUT, 1&5cO 
7WW:M^So 4*5, H2*w#»ffiJC*5Jt5 
^f&tev ^Jx.ffa = 1 5 0 Mm, b = 20#m, c = 5 
0 pi mMt«f5 w <b Jd?T*# £ 0 
[0 0 2 6 ] WIS2 7 0g?*|RimiC 

tt. Z(D^fm«2 7lil»j*LfcRrii«i3 1 SrK^* 

fsw*^»»f-rs»««*»«a54 1 srK*tr*5?>, * 

*fffi^5iSSfl!l^®g«B4 3«^»^t■CV^S 0 0 . rT 

®nm2 7oft^*ift**afcc*t(c»«i-5*-¥ffi 
a«2 3o«««Lm«»^#fe*i*, rtte>»Kw*m 

4 1 ^^SteiSO^miiSiJ 4 3 01 2 Id 

RT»m«3 lXi;H^««3 7Sra«ft^ 

4 ixifa««*«s«4 3^jfeaiiA&4o-cjKm 

Zftotz^ *SiS»ffilcaSW«S^KttSi^ll^4< 

[0 0 2 7] ±ia^>i: 5 *HJS^ffi<03fc«PI^^2 
m, S-¥ffiIS2 3^7 7lg3 5^ 
£M4 7<ntfy*m&3 6 ^(O^IC, fM2 2(hf^ 
«!4 5££;tU *© : F*B2 2^^»S4 St^Pfl 
(C, £Bt2 5, 2 6S:RA/-e : F*KS:W-r6Rr»»]«2 
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[0 0 2 8] :^bf«2 2, 4 5fi, ^B^iMSM* 

/sio 2 r fcis-e*« 0 r*ve>©T* 

S2 2, 4 5 0>jBflhft®H£rB 3 Lfc 0 *£ttfl£ffi 

*T3!j»Bl2 7CT i O z 4rffll\ =F«R2 2fc, 
; FtM4 5fc % ^»»R2 7tO±»-CTi0 2 tS i 
0 2 o«Sr-&ff7«K^fc#tf=F*Ri:Lr^So BP 

*>, bs (b) ^-r<tp(^ »— v 

ffia««a**e>jet. o 2 /t i o 2 /s i o 

2 /£P£/T i 0 2 /£|$/S i O s /T i 0 2 /S i 0 2 
/*7^tftotV^ 0 r;hbfl*R2 2, 4 5Wt, © 

a#lcJ:a^F«*»fc<£v\ KKIt*, S8iB*##& 

[0 0 2 9] B-¥®S«2 3 0fM22t 

4 7Wf*JB4 5itt, rT»»R2 7£*t 

[0030] ±xm&o%xm#*2 1 <o%^m 

MfPfcRWi-*. B8 4i!:*aCH*^li^^RWr-5» 
ffiHSr^Lfco ftMMH^ im @4 (a) t^f 

tt«^e>, TOMM2 7coMTibsffi3 1 t%-¥mmi 

I-¥ISS2 3W@^li3 7 fc0>IBfcflsfltt-*«HB 
jSWrtcfcoT* pT»»jB2 7ii, 14 (b) lc^-rJ:5 
fc, »-TO«R2 3«^#*Wi<cfcfcJ:o"C# 

ft**, H4 (a) fcnct\»;5fc, 
#tt«»*lcj:o-cSt5Rr»*Bt2 7<0**«j&s£Hi2 
5«rBB-OftffiBtc»±LTKasn5 0 *«B* J ? : 2 1 

-era, ro^ii$^2 7os«x«Mglfri: 

So 

[0 0 3 1] %£M#?2 ltt, *TKj»R2 7 

©aMfctCJiK ^T»»BI2 7 > f»i2 2, 4 53^64 

CJ:or N *A£ftfc#*aBXttJ^$#T^* 0 fip 

So 

[0032] z<D%mmm*2 i-m. *ra>»R2 7& 



5p ^w-<fc9, isv^aam (»v-»+v) -c, « 
^ft^fc-^^ sHt2 5 t 2 6<oniH, a*f*. 

mm 2 7 SlFF^R 2 2,4 5 (D*»aS4t*«tt^ ^-f 
*i0>a£*-CfcAi\ BJ*D«E«>«[l!:±9a»2 
5, 2 60MIRfHittM(c»b$««j:, sa^^h 

[0 0 3 3] *3HS^»lcJ: -5**18*^2 1 f*. °T 
K)»R2 7 £*-™S*2 3 td>e>4S«3fe»*«>* 

5^^¥®«4 7*SR2 6*r«TT±Tjl0WclS£ 

fc#-e*6A5lcftoTv^ 0 Sot, «* % 

2 7 b^-¥*MW&2 3£*R«LTaaS*5<0#-C 

[0 0 3 4] *fc, ±!E«/a©#£il3tHP 2 ItCjin 

« • a««^KJt-c#, jtMBfr-2 i ^xxnt^ 

*U j e© , t 1 A»©^TSri»Rfl|*«S«4 1 b LTI 
[0 0 3 5] ZCX\ m~¥®^4 7*&rtZ>Z.t\C 

»7R0TfWM*fc*OT*flc^**©ail* 
Sr»aiLfcS'&o»tt-e, S: Win Ufc 

mje«^aa«r^LT*5»), r*Ro«attB3 (b> 

^2¥®S«4 7«|^f>> 
[0036] Si 0 2 (145nm) 
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T i 0 2 (2 1 nm) 
Si0 2 (3 3 nm) 

( 1 0 1 n m) 
Ti0 2 (4 2 nm) 

(lOlnm) 
S i 0 2 (1 7 nm) 
Ti0 2 (2 5 nm) 
Si0 2 (1 4 8 nm) 

ftSEWS^Hi, A»3t©*ft*S 4 0 5 n nrC&S £ £ £ 
^TO^MT X = 4 0 5 n m i: Lt fj-g L 

fc. 

[0 0 3 7] ill, JB«f*ntt, 
#7* n = 1 . 5 15 1 

SiO z n-L 4 70 3 

Ti0 2 n = 2. 3 4 9 3 

n = 1 

[0 0 3 8] B6tt» B 5 te**-aa**Ht©tt 

[0 0 3 91 OB 7 tt. *KH*^T**a>flW«r, B 
3 (c) «^1"9Ji**i:Lfc»^(D3fe©»ia*«tt«: 
^■f^7 7"C*>IJ, B8tt, 03 (d) £^158* 

[0 0 4 0] H9tt % JtttOfcfettJfeO^ST* 

Ti0 2 (4 3. lnm) 

Si0 2 (6 8.9 nm) 

Ti0 2 (4 3. lnm) 

£Bg (101. 3nm) 

SiO z (13 7. 8 nm) 

Ti0 2 (4 3. lnm) 

S i0 2 (6 8. 9 nm) 

Ti0 2 (4 3. 1 nm) 

[0041] B9ic»-rx=4 o 5 nmi&m&mmwk 

#R»ffiffi<0B«)nB* (ueoff» -en, ftjgiift 

[0 0 4 2] Itt^OV^U— VgV^jg^e,, 



LfcftSRiK^*^ Rfi^-^tfl&RfclLX ft* 
[0 0 4 3] aittWLfcipl:, »-T-ffiS«Sr*1- 

4PF#JB«>RJ5Ett& am* 
<bLT^>, aa*»tt©*«A5iii*>^jt*a*^<03ts 

[0 0 4 4] 4*5, ±ffibfc3t««*^tt, WK&JK2 
7*£«lftT-«ja&U S##ft©ffifitoffiEfc:fctta« 
#*U*»fr*rR9!Lfc#* 3fc««*^2 ltt, Hi 0 

*«0>«<fc D Ri^»/MR 5 9 *r»dW* tO^oTt 
<fcv\> 4*3, Hi 0*w#ttttKi3tt«+tttt, 

f4, a = 150/im, b — 2 0 m m % c = 5 0 u m, d 
= 10/im, e = 1 0 0 m mSa-C^-fS Zt&X$ 

[0 0 4 5] £0>J;5ftR/h»5 9*RI«I^t, * 

&aaxi±Ri»£'frsw»iwsi2 7©«^*r$j**»o 

LfcttffiT. MT»»R2 7±#*aB-¥flS 
»2 3(:^t l-C¥tTi:tft^t6 r t £ J; 5 K 
ft*. :w^5 9»«:<i:ia^ ^ 
-■©nr»}»R2 7*R«S*5»^lcW:^ *Ti(j*fIg 
2 7©RBA#«*U K»a«OJSaft*WIBlcft 

So 

[0 0 4 6] JJBLfcttMIBIW 1 2 1 %RR 

m*T u-r £ LTflJffi LfcR*36»-o^TRW"r-6o 
H l l l»i^l:^5e»I9M<oM^l 

fc#«a* m 1 2 fin 1 1 ^ LfcftSfis&^T w ^> 

fcm<DR3te«ofc*tf4«B^**o r^I^if 
ft, 2 1 K i 9 RR LfcJfcMBlH^r W 

* h«^RX3SR6 1 Lfc«*RM1-6, 

[0047] r <D&%$m 6itt, an ? 

7v\ **r—V 6 5 t % PSffrr— * 6 7 trj& CTSERS 
n^3fetr-A (SR^l — 1f3fe) 6 9T«#»**6 3«r 

*SE«r*-rs»*^y K7 1 t^m^x^6 a y^vv 
»»*5r«^5«s*i"c*fj, b*^? K7 n±, m^v 



-6- 



So 

[0 0 4 8] 7yvhXT-i?6 5<DMmmmztt-tt 

7 5\atv-v*? v 7f>m&£tix^z 1> 0 — 

^S 0 ^LT, Z<DmW)*-? 7 9ic£S 9— H** U 
[0 0 4 9] mft^y K7 l<0T«ia*-»0>-*-y h8 
-8 7 0-*0««*Cf±y-K^^ 9^-8 7£[H]fc£ 

itrSlBlite-* 8 9 a^/v h UT»jg^^T^ 0 , 

<^S 0 ^LT, rcoi21fr^-*8 9lcJ:sy-K;^y 
7<D®mzm\ »%r»y K7 l^Y**rtldtt 

ft*- *8 9tt, »»¥R 9 0 6. 
[0050] ^<n^<n&%n%m 6 3 ~fyy^^ 

#6 9*J»IH-3^ #7-1^* hKOSR^u-if* 
6 9 $ «LTRto7-7^ 

[0 0 5 1] Jfct^y K71it 012 K^-f£ o |C, 

A#t£ ftfc ^-1f 3t«r X«*|rU!1 WTjtft-TS t &KX 
Y¥ffitl[*i-5*lR]Jcitt*:**5W^X9 3, Ait* 
f3fc*riS«fc7 f -^ 6 7lC&CT#Bilifelc3EBI 
+S*3OTMH L T W9 5, XWfe3SBSW-T W9 5 
-e^BStifc *3tSrl8*«*» 6 3 ©SffifcfB**: 
^T8S^t^X-Ai/yX9 7-c«fi(c*Jxfc8*aL 

[0 0 5 2] :©|*a=^M*t6«Wll^ 
^9 9rt^iR«ftS*l"C^»). X-Al/yX9 7^b 
BJtSftfc**!'-- f3fe6 9IS, ^-^y^ 9fcKtt 
&ftfcl8^L4^Ma&JlifiLTB3te#^ 3co^ffi 
KIMtS*b* 0 X^Ai/yX9 7ll HSLftv^BKi* 

fiOo 4fc\ ii*. x-Auvxiig^i/yX-eM 
£ixSak H^*(B*lci-5^:«)ift<ou^X(Z>^L 

fco 

[0 0 5 3] ##U- lF3fe»9 1, ^X9 3, 3fe«W 
*f7W9 5, MX-Al/yX9 7^ BUfL4^ 

-Ai/yX9 7tt, B^L4v*#>f KfcioT3ttt*(fiI 



/<*r*Lrr*i6*:W«l-i-*H*L4^^^ Fd-7(: 
[0 0 5 4] SSWH'— »Fft«9 Hi, WxLtfafk^!; # 

fc. 8fift4 0 5 nm©*^«««)*iSBBi*-e*f) 
ti> S5»"CO*aE*cfffiJ|c45o 

[0055] «36WRtLrn, «s#7-:7>f/i^jg 

s Q cfub«3t»»tt, asrc^s^-^K^rs 
fc*e>i«»*4»*d^He>n*o 

[0 0 5 6] ^aCBBH^r K95 j*. ±E^*«n* 

#«-Ctt, MBWd^Bl 2©J:T^rt (X2fft) fc4 
So lot, rotfRAifcfciKfc-r*;^ (y*|ri) "0 
i*#t*6 3tf*^ K7 1 ££ffi*t#l!)£i*:S 
fc, lolkKft&nftoBXft-c. I7>f 

^S:B3fc»«*6 3lcB**f-6^i:36i-e*, d<0»& 

<0B*#»Ttelc4»K A»ofiSftft#SliT?t5 0 4 
4b\ il2WM(:J3lt5«ii, «J;itf, f=2 
mm (lOOOch) , g = 2 0 /imSCC^tSl 

[0 0 5 7] #||«©»1B<0BftK«<z>»fls£fc 

[0 0 5 8] g*^^ K7 !f*JB9 1^6 

T, «Iif7K9 5CAlt^Mo Mi £ fife Is 
-ifftte, «iI^7K9 5HJ:otW(:S$ 
tiSo jfBSixfcu- f*^X-Ai/yX9 7(cj:9© 

[0 0 5 9] »*PB»l*lCtt, K 7 1 ^B*BB 

0e*^5ir> y-K^^!J^-8 7t>-^^S-CIII|c 
U !J-K^ya-8 7«)@&:ffK 83t^yK7 
i dSYtt*ftic-5tas-e»»s*ts 0 

[0 0 6 0] Ktc^^/ K7 lCOY#^rfS]^(D^«J^* 
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fc, 7U- Apt ^JJKiaBfiSttXt ^11^-^6 7 
rt\ l7^f *«»**T ^95 ©*K Bl*^ 2 
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